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Context F ree Grammars 

1. List the 4 components of a context free grammar. 

Terminals, non-terminals, productions, start symbol 

2. Describe the relationship between terminals, non-terminals, and 
productions. 

Productions are rules for replacing a single non-terminal with a string 
of terminals and non-terminals 

3. Define ambiguity. 

Multiple parse trees for the same string 

4. Describe the difference between scanning & parsing. 

Scanning matches input to regular expressions to produce terminals, 
parsing matches terminals to grammars to create parse trees 

5. Describe the language accepted by the following grammar: 
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Strings of a & c with same or fewer c’s than a’s and no prefix has 
more c’s than a’s, followed by an even number of b’s 

e. S — ► S and S I S or S I (S) I true I false 

Boolean expressions of true & false separated by and & or, with 
some expressions enclosed in parentheses 

6. Which of the previous grammars are left recursive? 

5d,5e 

7. Which of the previous grammars are ambiguous? Provide proof. 

5d,5e 

8. Creating Grammars 



a. Write a grammar for a K b y , where x = y 

S — ^aSb II s 

b. Write a grammar for a K b y , where x > y 

S ^ aL L — aL I aLb i e 

c. Write a grammar for a*b y , where x = 2y 

S — > aaSI) I £ 

d. Write a grammar for a K b y a z , where z = x+y 

S — * aSa I L L — bLa I £ 

e. Write a grammar for a K b y a z , where z = x-y 

S — * aSa I L L — al.b I £ 



9. Derivations, Parse Trees, Precedence and Associativity 

For the following grammar: S — ► S and S I true 

a. List 4 derivations for the string “true and true and true”. 

i. S => S and S => S and S and S => true and S and S => true and true 
and S => true and true and true 

ii. S => S and S => true and S => true and S and S => true and true and 
S => true and true and true 

iii. S => S and S => S and true => S and S and true => S and true and 
true => true and true and true 

iv. S => S and S => S and S and S => S and S and true => S and true and 
true => true and true and true 

v. S => S and S => S and S and S => true and S and S => true and S and 
true => true and true and true 

vi. S => S and S => S and S and S => S and true and S => true and true 
and S => true and true and true 

vii. S => S and S => S and S and S => S and true and S => S and true and 
true => true and true and true 

b. Label each derivation as left-most, right-most, or neither. 

i and ii are left-most derivations, iii and iv are right-most derivations, 
remaining derivations are neither 

c. List the parse tree for each derivation 



d. What is implied about the associativity of “and” for each parse tree? 

Tree 1 => and is right-associative, Tree 2 => and is left-associative 

10. For the following grammar: S — ► S and S I S or S I true e. 

i. List all parse trees for the string “true and true or true” 
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ii. What is implied about the precedence/associativity of “and” and “or” for each 
parse tree? 

Tree 1 => or has higher precedence than and 

Tree 2 => and has higher precedence than or 

iii. Rewrite the grammar so that “and” has higher precedence than “or” and is right 

associative 

S — * S or S I L // op closer to Start = lower precedence op 

L — +■ true and L I true // right recursive = right associative 
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